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Production of polyurethane polymers the polymers so produced and compositions containing them. 



@ A polyurethane polymer having desired chain-pendant or in-chain groups Y is prepared by 1) 
converting tenminal isocyanate groups of an isocyanate-terminated polyurethane prepolymer to groups 
providing carbon- or nitrogen-bound -NH2 and/or -NH- groups, and 2) chain extending modified 
prepolymer fromed in 1) with a compound having at least two enolic carbony! groups and also having at 
least one group Y which becomes chain-pendant or in-chain in the chain-extended polymer. 
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PRODUCTION OF POLYURETHANE POLYMERS, THE POLYMERS SO PRODUCED, AND 

COMPOSITIONS CONTAINING THEM 



The present invention relates to the production of poiyurethane polymers bearing desired chain-pendant 
or in-chain groups, to the polymers so produced and to compositions containing them. 

Poiyurethane polymers are widely accepted as valuable materials in many applications on account of their 
excellent properties such as good chemical resistance, abrasion resistance, toughness, adhesion and durabn 
5 lity. For example, aqueous coating compositions comprising aqueous poiyurethane dispersions are well known 
for the production of film coatings on various substrates where the film coatings are used for their protectiv 
or adhesive properties. 

It is known to be useful to modify the properties of poiyurethane polymers by incorporating desired chain- 
pendant or in-chain groups in the polymer molecules. For example, it is known to incorporate chain-pendant 
10 carbonyi groups into a poiyurethane polymer so that the polymer, when employed in an aqueous coating 
compositton as an aqueous dispersion, will undergo seffcrosslinking during and/or after film formation from the 
compositton, by virtue of reaction with a compound bearing at least two carbonyl-reactive groups, such as a 
polv|fn jpe or a polyhydrazlne compound, which is also present in the composition. See, for example EP-A- 
0332326 fI Cl Resins BV). 

IS As is well known, poiyurethane polymers are generally made by reacting an organic polyisocyanate(s) with 
an organic compound(s) containing isocyanate-reactive groups, particularly a macro polyol with the optional 
inclusion of a low molecular weight organic polyol. A favoured route to their formation involves the formation 
of an isocyanate-terminated poiyurethane prepolymer followed by chain extension with an active hydrogen-con- 
taining compound. 

20 It is conventk)nal to incorporate desired groups into a poiyurethane polymer by employing as a reactant in 
the prepolymer formation an isocyanate-reactive compound (normally bearing at least two isocyanate-reactive 
groups) which also has the desired group(s) ; in this way the desired groups become included in the prepolymer 
and thence in the final poiyurethane polymer after chain extension. 

Such a technique, however, has drawbacks when employing very sensitive functional groups, such as car- 

25 bonyi groups, as the desired groups for incorporation into the polymer, since there is a danger that premature 
reaction of the functional groups with the chain-extending species may occur during the chain extension st p. 
For example, unless conditions are very carefully controlled, there is a danger that functional groups such as 
carbonyi groups will undergo at least some premature crosslinking reaction with conventional chain extending 
compounds such as hydrazine hydrate, diamines, or triamines. ^ : 

30 It has also t>een proposed to incorporate desired groups into a poiyurethane polymer by including as part 
of the active hydrogen-containing chain extending species an active-hydrogen-containing compound which 
also has the desired group(s). In this way. the desired groups become incorporated into the poiyurethane 
polymer during the chain-extension step by virtue of reactions analogous with those undergone by conventional 
active-hydrogen-containing compounds. 

35 The main problem with this approach, however, is that there is a danger that the active hydrogen-containing 

part of the chain-extender (eg -NH2) will react prematurely with the desired groups one is trying to introduce, 
particuiarly where these groups are reactrve groups (such as carbonyi groups). 

We have now devised an entirely new and useful technique for incorporating desired groups into a 
poiyurethane polyrror which does not involve incorporating the desired groups during the prepolymer fonmation; 

40 nor does it involve incorporating the desired groups by a chain-extension reaction involving reaction of con- 
ventional active-hydrogen-containing groups with isocyanate groups. 

According to the present invention there is provided a process for the production of a poiyurethane polymer 
having desired chain-pendant or in-chain groups (denoted by Y). which process comprises : 

1) converting tenminal isocyanate groups of an isocyanate-tenminated poiyurethane prepolymer to groups 
4S providing carbon- or nitrogen-t>ound -NH2 and/or -NIH- groups which are reactable with enoiic carbonyi 

groups, thereby to form a modified prepolymer, and 

2) chain-extending modified prepolymer formed in 1) with at least one compound which has at least two 
independently reactat>le nolic cart>onyl groups, which compound also has at least ne group Y which 
becomes chain-pendant or in-chain in the chain-extended polymer, and where by an enoiic cart>onyl group 

so is meant herein a carbonyi group having enoiic character by virtue of being bonded to an alpha methylene 
or methine group which is itself bonded alpha to an electron withdrawing group. 

There is further provided according to the invention a poiyurethane polymer having desired chain-p ndant 
or in-chain groups (denoted by Y) which polynner has b en prepared by 

1) converting terminal isocyanate groups of an isocyanate-terminated polyurethan prepolymer to groups 

2 
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providing carbon or nitrogen bound -NH2 and/or -NH- groups which are reactable with enolic carbonyl 
groups, thereby to form a modified prepolymer. and 
5 2) chain-extending modified prepolymer fonned in 1) with at least one compound which has at least two 
independently reactable enolic carbonyl groups, which compound also has at least one group Y which 
becomes chain-pendant or in-chain in tffe chain-extended polymer. 

As mentioned above, by an enolic carbonyl group is meant a carbonyl group (nonmally a ketonic carbonyl 
but possibly an aldehydic carbonyl) having enolic character by virtue of being bonded to an alpha (ie 
10 • 

adjacent) methylene group {-CH3-) or methine group 

(-^H-) with there being an electron withdrawing group 

IS which is itself bonded alpha (ie adjacent) to the methylene or methine group, or in other words bonded beta to 
the carbonyl group. Such a cartx>nyl group also exists (to a significant degree) In its tautonr>eric enol structure. 
The enolising tautomerism may be represented as the following equilibrium 



-c-cH 3 - -c=cH- 

The facile enolisability of the carbonyl group is due to the presence of the electron withdrawing grouping. 

25 Typical examples of electron withdrawing groups in enolic carbonyl groups include acid ester groups (the 
methylene or methine group being bonded to the carbonyl carbon atom of the ester), acid amide groups (the 
methylene or methine group being bonded to the carbonyl carbon atom of the acid amide), aryl groups (eg 
phenyl or phenylene groups), and ketonic carbonyl groups. 

The electron withdrawing group as a whole may be univalent (ie capping the methylene ormethine group) 

30 or (as is also quite usual) may be divalent or multivalent (ie being bonded to a further moehy or moeities in the 
compound). In the case of the enolic carbonyl grouping having a methine group (rather than a methylene group), 
the remaining bond of this methine carbon atom (the others being attached to H, the cart>onyt carbon atom, 
and the electron withdrawing group) should be attached to a group that does not affect the endisabiiity of the 
cart>onyl group (eg alkyl or substituted alkyl, alkylene or substituted alkylene, alkanetriyi or substituted alkanet- 

35 riyl. aryl or substituted aryl). Such a group can be monovalent (eg alkyl), divalent (eg alkylene) or multivalent 
(eg trivalent eg alkanetriyi). r 

(For the sake of clarity in nomenclature, we mean by an alkylene group the bivalent radical derived from 
the renwval of any hydrogen atom from an alkyl radical and by an alkanetriyi group the trivalent radical derived 
from the removal of any hydrogen atom from an alkylene radical. The simplest alkylene radical is 

40 

therefore methylene -CH^- and the .simplest al)canetriyl 
radical is therefore methine -^H-) . 

45 Examples of suitable enolic groupings (shown in their larger context) are ; 



50 



55 
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0 0 
•I II 

5 Keto ester groups, eg CH^-C-CHj-C-O-R^- 

(acetoacetate) 
0 0 

Jceto amide groups, eg CHa-C-CHj-C-NH-Ra- 

(acetoacetamide) 

1,3-diIcetone groups, eg CH3-C-CH3-C-R3- 

0 

20 keto alkaryl groups, eg CH^-C-CHj-Ar- 

where and R^ are hydrocarbyl radicals (optionally substituted) such as alkylene or alkanetriyt (usually 
of 1 to 10 carbons and typically methylene) and Ar Is an arylene group (optionally substituted) such as ortho 

25 or para phenylene. Groups such as these are well know^n to be readily enolic. 

The chain extension reaction in step 2), which may not necessarily involve all of the modified prepolymer 
(e.g. only a substantial proportion of the modified prepolymer), is thought to proceed largely through attack by 
-NH2 (or-NH-) groups of modified prepolymer molecules (derived from the temiinal isocyanate groups thereof) 
on the enolic cari>onyl groups of the chain-extending compound (defined in 2)) so as to achieve bonding by 

30 nDeans of the formation of an enamine structure by elimination of water ; this may be represented schematically 
as follows : 

O 0 
II II 
H,N-2-NH, + C-CH3- 2 -CH -C + H,N-2-NH, 



35 



2 2 
I 

H,N-2"ITO"C =CH- 2 -CH= C-NH-2-NH, 



40 



where 2 represents (in each position where it is denoted in the above formulae) the rest of the chemical species 
to which a particular group under consideration is attached. (The other isocyanate derived -NH2 on each prep- 

46 oiymer molecule will» of course, similarly react). It can be seen that by virtue of the chain-extending compound 
possessing at least two independently reactable enolisable carbonyl groups, chain extension of prepolymer 
nwlecules is effected. While it is believed that the above-described mechanism is the one which operates in 
the chain extension process, we would not wish to be bound by this belief. 

[The symbol 2 will hereinafter, as a matter of convenience.throughout this specification be used to repre- 

50 sent the rest of the chemical species to which any particular grouping or atom under specific consideratton is 
bonded]. 

Since the chain-extending compound used in 2) incorporates at (east one desired group Y, the resulting 
chain-extended poiyurethane polymer will b ar these desired groups Y. 

A group Y may be monovalent as a whole, so that it (in effect) caps the chemical species to which it is 
55 attached (2-Y)» or it may be divalent (or multivalent) so that it is bonded at two or more sites to other chemical 
species (eg 2-Y-2). 

A group Y, depending on its disposition in the chain extending compound, may end up as a chain-pendant 
(ie lateral) group in the resulting chain-extended poiyurethane polymer or as an in-chain group. For example 
if Y were disposed as sh wn the following sch matic representations : 
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0 Y 0 

II I 11 

I-C-CHj 2— CHg-C-2 



0 Y 0 
II I II 

'0 2-CH,-C— 2— C-CH,-I 

0 0 
II II 
y- 2 -C-CHj — 2 — CHg-C- 2 -Y 



15 



20 



2S 



30 



SS 
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0 o 

II II 

Y- 2 -CH,-C— 2 — C-CH,- 2 -Y 



OY YO 0220 

II I I . II II I I II 

2-C-CH-- 2 --CH-C-2 or 2-C-CH-2-CH-C-2 

it would end up as a pendant group. (Incidentally, the above representations having two Y groups could of 
course have only one Y group). If It vi^re disposed as in the following schematic representations : 

0 0 

II 11 

S-C-CHj— 2— Y— 2— CH^-C- 2 

O 0 
II II 
X-CHj-C— 2— Y— 2— C-CHj,- 2 

0 0 
II 11 
2-C-CH-Y-CH-C-2 



it would end up as an in-chain group in the chain-extended polymer. 

It will by now be appreciated that a group Y. could, for example, be a part of (eg a substituent or an in-chain 

4S species) or be t>onded to (directly or by intermediate species) the electron withdrawing group ; or it could be a 
part of, or could itself be, or could be bonded to, the group attached to the methine cart)on atom (in the case 
where the enolic group has an adjacent methine rather than a methylene group) ; or it could be a part of. or be 
bonded (directiy or by intem^ediate species) to the chemical species which is attached to the cart>onyi group 
cartx)n atom by its other valence bond. 

50 Examples of groups Y include the following : 

- ketonic or aldehydic carbonyl groups ; these could eg be provided by having three or more, independentiy 
reactable enolic carbonyl groups in the chain-extending compound, so that those not taking part in the chain- 
extension would end up as lateral carbonyl- containing groups in the chain-extended polymer; an example of 
this type of chain-extender compound is the triketo ester of formula 

55 
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O O 

II II 
CHjO-C-CHj-C-CHj 
I 0-0 
I II II 

CjHs-C-CHj-O-C-CHj-C-CH, 

0 0 

II II 
CH,0-C-CH,-C-CH3 



(trimethylol propionate-triacetoacetoxy) 
which may be readily prepared from trimethylol propane and diketene ; 
IS - olefinically unsaturated cartran-carbon bonds ; these could eg be incorporated as lateral groups by using a 
chain^xtender compound having at least one (meth)acryloyl or (meth)allyl substituent group (or a substituted 
derivative thereof) ; examples of such compounds are 



20 



CH=CH. 



CH. 



0 

II 



25 



CH,-C-CH,-C-0-CH,-CH-CH,-0-C-CH,-C-CH, 



and 



30 



CH,-c=CHj 



c=o 
I 

0 
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o O O 0 

« >l I II II 

CH , -C-CH , -C-O-CH , -CH-CH , -0-C-CH^ -C-CH, ; 



-thiol groups such as -SH ; an example of a chain-extender compound providing lateral -SH groups is 



40 



O 
11 



0 

I! 



SH 



0 

II 



CH , -C-CH , -C-O-CH , -CH-CH , -0-C-CH, -C-CH , 



- nonionic dispersing groups : these could eg be incorporated as lateral dispersing groups by using a chain 
4S extending compound having at least one water-soluble polymer chain, eg a polyethylene oxide chain (typically 
of 3 to 40 units), as or as part of a substituent on the chain-extender compound ; an example of such a conr>- 
pound is 



so 



ss 



CH, [CH,CH,0]n 

?l ?l ' ^ ^ 

CH, -C-CH , -C-O-CH, -CH, -N-CH ,-CH, -0-C-CH,-C-CH, 
(n = 3 to 40) 

- a polymeric chain, such as a polyester chain, a polyether chain, a polycyciic ether (eg THF) chain, a polyamide 
chain, a pdyimid chain or a polycaprolactam chain ; th se could eg be incorporated as in-chain or lateral 
groups by using a chain-extender having the following formula 
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0 0 0 0 

c li II II II 

CH^-C-CHj-C-O - 2 - 0-C-CHa-C-CH^ 

where the chemical species 2 is or includes an in-chain or lateral polymeric chain group (such as a polyester 
chain). 
10 - siloxane groups 

- epoxide groups 

- phosphonate or phosphate groups (for imparting corrosion resistance) 

It is to be understood that Y could be any type, of group which imparts desired or improved properties to 
the polyurethane or the products derived from it (eg coatings), eg an adhesion pronroting group, a rheology 

IS modifying group, a stabilising group, a conrosion inhibiting group, a block copoiymer-forming polymer chain 
group, or a crosslinking-assisting group (examples of which have been given supra). 

In step 1) of the process of the invention, which may not necessarily involve all of the prepolymer molecules 
(e.g. only a substantial proportion of them), temninal isocyanate groups of the prepoiymer may be converted 
to groups providing the cart)on- or nitrogen-bound -NH2 and/or NH groups by using an appropriate amount of 

20 a non-aqueous reagent such as hydrazine (used eg in the forni of its hydrate), a substituted hydrazine, a hyd- 
razide compound, or a polyamino compound (eg a diamine or triamine) for substantially effecting this reaction. 
In the case of using hydrazine hydrate, the relevant reaction involved is the conversion of tenminal isocyanate 
groups of the prepoiymer to temiinal semi-carbazide groups as follows : 



OCN— 2 — NCO - H,NHN-C-HN— Z — NH-C-NHNH, 

The resulting modified prepoiymer can then be chain extended in step 2) using the compound with at least 

30 two enolic carbonyls as discussed supra. 

In another useful embodiment of the invention, tenninal isocyanate groups of the prepoiymer are converted 
directly to -NH2 groups using water itself as a reagent in this embodiment, which employs no other isocyanate- 
reactive reagent to effect step 1) apart from water itself, terminal NCO groups in the prepoiymer undergo hyd- 
rolysis to form terminal primary amine groups (-NHJ and chain extension then takes place by reaction of the 

35 -NH2 groups of the modified prepoiymer with the enolic carbonyl groups of the chain-extending species having 
at least two enolic cabonyi groups as discussed supra. We have found that this is the predominant mechanism 
by which the reaction takes place when using water alone as the isocyanate-reactive reagent in step 1) as a 
result of nudear magnetic resonance studies on model compounds. From a practical viewpoint, when using 
water as an isocyanate-reactive reagent to fomn -NH2 groups, step 1) may be simply effected by dispersing an 

40 organic liquid medium (ie bulk or with added organic solvent) of the isocyanate-terminated prepoiymer into 
water to fonm an aqueous dispersion-whereon the hydrolysis of -NCO to -NH2 groups will take place. 

The anrraunt of reagent for introducing -NH2 or -N H- groups may (if desired) be such as to effect a proportion 
of chain extension in its own right (since it will of course be appreciated that such reagents are equally effective 
as chain-extension agents if used in sufficient quantity) as well as providing the desired level of termination 

45 required for subsequent functionalisation by chain extension with the enolic carbonyl compound. Generally 
SF>eaking, the amount of isocyanate-reactive reagent for introducing -hlHz and/or -NH- groups into the 
polyurethane prepoiymer. except when using water as the sole reagent for this purpose, should preferably be 
such as to provide a ratio of isocyanate-reactive functional groups (eg the NH2's of hydrazine) to isocyanate 
groups within the range of from 2/1 to 1.05/1, more preferably 1.3/1 to 1.1/1. When using water as a reagent 

50 for introducing -NH2 groups into the polyurethane prepoiymer, it is not practicable to speak of such a ratio since 
the water, functioning as a dispersing medium as well as reagent, will be present in a gross excess relative to 
the NCO groups of the prepoiymer (see supra). 

Examples of suitable reagents (apart from water) providing carbon- or nitrogen-bound -NH2 or -NH- groups 
in the prepoiymer include ethylene diamine, propylene diamine, butylene diamine, hexamethyiene diamine, 

55 cydohexyiene diamine, piperazine, 2-methyI piperazine, ph nylene diamine, tolyiene diamine, xylyiene 
diamine, 4,4'-diaminodiphenyi- methane, menthane diamine, m-xylene diamine, isophorone diamine. Also 
materials such as hydrazine, or hydrazine hydrate, azines such as acetone azine, substituted hydrazines such 
as. for example, dimethyl hydrazine, 1,6-hexamethylene-bis-hydrazine. carbodihydrazine. hydrazides of dicar- 
boxylic ackls and sulfonic acids such as adipic acid mono- or dihydrazide, oxalic ackl dihydrazkje, isophthalic 
acid dihydrazide, hydrazides made try reacting lactones with hydrazine such as gamma-hydroxylbutyric hyd- 
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razide, bis-semi-carbazide. and bis-hydrazide carbonic esters of glycols. 

In step 2) of th process, the amount of compound bearing enollc carbonyls (and the desired group(s) Y) 
5 may ften t>e such as to provide a ratio of cart>on- or nitrogen-bound -NH^ and/or -NH- groups (which are react- 
able with the enolic carbonyl groups) to enolic^arbonyl groups within the range 1/20 to 1/0,01, more preferably 
1/3 to 1/0.5 (typically 1/2 to 1/0.5). 

It will further be appreciated that in cases where the compound bearing a Y group(s) has three or more 
enolic carbonyl groups, a certain proportion of chain branching may occur (due to attack by the -NH2 or -NH- 
10 groups of a prepolymer molecule on the polymer-bound enolic carbonyl group(s) of an already chain-extended 
polymer molecule). 

The isocyanate-terminated prepolymer used in step 1) is normally the reaction product of at least : 

(i) at least one organic polyisocyanate (ie having at least two isocyanate groups) ; and 

(ii) at least one organic compound having at least two isocyanate-reactive groups. 

IS Such a reaction, as is conventional, will be caaied out in an organic liquid(s) medium. This could be wholly 
in bulk, but ts nrtore usually in the presence of an organic solvent liquid (used eg to control the viscosity). While 
the steps 1) and 2) of the process of the invention may (except when using water to convert NCO to NH2 groups) 
also be carried out in an organic liquid(s) medium (so as to end up with non-aqueous dispersion of the final 
pdyurethane polymer), it is more preferred that they be carried out in an aqueous medium (ie with the 
20 pdyurethane prepolymer in each stage present as an aqueous dispersion) so as to end up with an aqueous 
dispersion of the final potyurethane polymer. (This of course will in any case be an essential pre-requisite when 
the reagent used for forming -NH2 groups from NCO groups is water itself.) This is because preferred appli- 
cations of the potyurethane polymers of the invention involve their use as aqueous dispersions. (For the pur- 
poses of this invention an 'aqueous dispersion" of a polymer means a dispersion of the polymer in an aqueous 
25 medium of which water is the principal component Minor amounts of organic liquids may optionally be present). 
Consequently, in the process of the invention it is preferred to provide an aqueous dispersion of the isocyanate- 
tenminated prepolymer prwr to converting tenminal isocyanate groups thereof to groups providing carbon- or 
nitrogen -bound -NH2 and/or -NH- groups which are reactable with enolic carbonyl groups (and in the case of 
using water as a reagent for converting terminal NCO to NH2 groups, this step is in any case essential since 
30 water is required as an isocyanate-reactive reagent as well as a dispersing medium). 

Consequently a particularly preferred process according to the invention (which is essential when water 
acts as the isocyanate-reactive reagent) for the production of a poiyurethane polymer having desired chain- 
pendant or in-chain groups (denoted by Y) comprises ; 

1a) forming an isocyanate-terminated prepolymer in an organic liquid medium, and dispersing the iso- 
35 cyanate-tenminated prepolynner in water to fomn an aqueous dispersion thereof. 

1b) converting, in optional conjunction with a proportion of chain extension, terminal isocyanate groups of 
the prepolyn>er to groups providing carbon- or nitrogen-based -NH2 and/or -NH- groups which are reactable 
with enolic carix^nyl groups, thereby to form a modified prepolymer ; and 

2) chain extending modified prepolymer fonmed in 1b) with at least one compound which has at least two 

40 Independently reactable enolic cartxjnyl groups (as defined herein), which compound also has at least on 

group Y which becomes chain-pendant or in-chain in the chain-extended polymer. 
As explained supra, when water is to be used as an isocyanate-reactive reagent to effect stage 1, the stages 
1a) and 1b) will in effect be a single stage since dispersion into water and conversion to amino groups takes 
place without any further addition of isocyanate-reactive reagent In such a process, the prepolymer may be 

45 added into the aqueous phase, or water added into the prepolymer phase, and an appropriate reaction period 
allowed for hydrolysis to take place. The enolic compound is preferably contained in the aqeuous phase during 
the disperion. When using a reagent otherthan waterfor converting NCO groups, eg a hydrazine or a poiyamine 
compound, such a reagent is used to effect stage lb) in which (as is well known) it will react much faster with 
the terminal NCO groups than will water and will provide the predominant reaction in this respect. In such a 

50 process the prepolynner may be added into the aqueous phase containing the isocyanate-reactive reagent or 
water (containing the reagent) may be added to the prepolymer phase and an appropriate period allowed for 
reactton to take place. The enolic compound may then be added subsequently. 

To fadlltate such dispersion of the isocyanate-terminated prepolymer in water to fonn an aqueous disper- 
sion, th prepolym r preferably incorporates ionic and/or non-ionic chain pendant (ie lateral) dispersing groups. 

55 This may be achieved by the optional (but preferred) employment in the reaction to form the isocyanate-termi- 
nated prepolymer a reactan^s) (ill) which is an isocyanate-reactive and/or diisocyanate compound(s) t)earing 
an ionic and/or non-tonic dispersing group(s) (or a group(s) which may subsequently be converted to such a 
dispersing group(s)). 

Th ionic groups may be catonic or ani nic, although ani nic groups are preferred. Examples f anionic 
groups are -COz- (carboxylat salt) and -SO3- 
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(sulphonate salt) . An example of a cationic group is 

5 

Typically, ionic dispersing groups are anionic salt groups, eg carboxyiate salt groups. Such groups may 
eg be provided by employing as a reactant (iii) in the prepoiymer formation an isocyanate-reactive compound 
having at least one acid group and at least two hydroxyl groups. Examples of such compounds indude carboxy 
10 group-containing diols and (at low levels) triols, for example dihydroxy alkanoic acids of the formula. 

CHjOH 
R*-C-COOH 
CHaOH . 

wherein is hydrogen or alkyl. The preferred carboxy containing diol is 2,2-dimethyiolpropionlc acid. If desired, 
the carboxy containing diol or trio! may be incorporated into a polyester by reaction with a dicarboxylic acid 
20 before being incorporated into the prepoiymer. 

The conversion of any acid groups present in the prepoiymer to anionic salt groups may be effected by 
neutralising the said acidic groups before, after or simultaneously with formation of an aqueous dispersion of 
the prepoiymer. 

Suitable agents for neutralizing carboxyiic acid groups are the primary, secondary or tertiary amines. Of 

25 these the trialkyi-substitued tertiary amines are preferred. Examples of these amines are trimethyl amine, 
triethyi amine, triisopropyl amine, tributy! amine, N,N-dimethyI-cyciohexyi amine, N,N-dimethylstearyl amine, 
N,N-dimethylani!ine, N-methylmorphoIine. N-ethylmorpholine, N-methylpiperazine, N-methylpyrolidine, N- 
methylpiperldine, N,N-dimethyl-ethanol amine, N,N-diethyl-ethanol amine, triethano! amine, N-methyidiethanol 
amine, dimethylaminopropanol, 2-methoxyethyldimethyI amine, N-hydroxyethylpiperazine, 2-(2rdimethy!amH 

30 neoethoxy)-ethanol and 5-diethylamino-2-pentanone. Ammonia itself may also be used. 

Non-ionic dispersing groups are typically pendant polyoxyalkyiene groups, particularly polyoxyethylene 
groups. Such groups may eg be provided by employing as a reactant (iii) in the prepoiymer formation diols hav- 
ing pendent polyoxyethylene chains such as those described in the prior art (for example in US 3905929). These 
diols, because of their function, may (for convenience) be temned dispersing diols. Particulariy suitable dispers- 

35 ing diols may be obtained by reacting one mole of an organic diisocyanate in which the two isocyanate groups 
have different reactivities with approximately one mole of a polyethyleVie glycol mono ether and then reacting 
and the adduct so obtained with approximately one mole of a dialkanolamine, for example diethanolamine. 

Diisocyanates having groups of different reactivity which may be used in the preparation of the dispersing 
diols include 2,4-toluene diisocyanate, isophorone diisocyanate and 2,4'diphenylmethane diisocyanate. 

40 Polyethylene glycol monoethers which may be used include the reaction products of ethylene oxide with mono- 
hydric alcohols such as methanol, ethanol, tertiary butano! or benzyl alcohol or phenols such as phenol itself. 
The polyethylene glycol monoethers suitably have weight average molecular weights in the range 250 to 3000 
and preferably in the range 500 to 2000. 

If desired, the polyoxyethylene chains may contain units of other atkylene oxides In addition to the ethylene 

45 oxide units. Thus, polyoxyalkyiene chains in which up to 60% of the alkylene oxide units are propylene oxide 
units, the remainder being ethylene oxide units, may be used. 

The preparation of the dispersing diols may be achieved by adding the polyethylene glycol monoether to 
the diisocyanate at 20-25**C, optionally in the presence of an inert solvent and a urethane catalyst, followed by ^ 
addition of the dialkanolamine. 

50 Non-ionic dispersing groups may also be provided by employing as a reactant (iii) in the prepoiymer for- 

mation diisocyanates having pendant polyoxyethylene chains (such as those described in the prior art. for 
example in US 3920598). These diisocyanates. because of their function, may be regarded as dispersing 
diisocyanates. Particularly suitable dispersing diisocyanates may be obtained by reacting two moles of an 
organic diisocyanate in which the two isocyanate groups have different reactivities with approximately one mole 

55 of a poly thylene glycol mono-eth r, the initially formed urethane monois cyanate then reacting at a higher 
temp rature with th excess diisocyanate to fonm an allophanate dfisocyanat having a pendent 
polyoxyethylene chain. Suitable diisocyanates and polyethyl n glycol monoethers for use in pr paring the dis- 
persing diisocyanate have been mentioned above for th preparation of the dispersing diols. 

The polyurethane pr polymer (and final polymer) may of course have a combination of ionic dispersing 
groups (such as those discussed above) and non-ionic dispersing groups (such as those discussed above) 
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which may be introduced into the p lyurethane by combining the expedi nts as exemplified above for the incor- 
poration of such groups. 

5 The pendant dispersing group content of the polyurethane (if present) may vary within wide limits butshould 

be sufficient to provide the prepoiynDer with the required degree of water-dispersabiiity. Typically the pendant 
dispersing group content will vary in the range 10 to 90 milliequlvalents (more preferably 18 to 65 milliequiva- 
lents) of pendant ionic dispersing groups (particularly carboxyiate groups) per 10Qg polyurethane polymer 
and/or 0.5 to 25g of pendant nonionic dispersing groups (particularly polyethylene oxide groups) per lOOg 
10 polyurethane polymer. 

The at least one polyisocyanate (i) used in making the prepolymer may be an aliphatic, cycloaliphatic, 
araliphatic or aromatic polyisocyanate. Examples of suitable polyisocyanates include ethylene diisocyante, 1 ,6- 
hexamethyiene diisocyanate, isophorone diisocyanate, cyclohexane-1,4-dlisocyanate, 4,4'-dicyc- 
lohexylmethane diisocyanate. p-xylylene diisocyanate, tetramethylxyiene diisocyante, 1,4-phenylene 
IS diisocyanate, 2,4-toiuene diisocyanate, 2,6-toluene diisocyanate, 4,4'-diphenylmethane diisocyanate, 2,4'-di- 
phenyimethane dfisocyanate, polymethylene polypheny! polyisocyanates and 1,5-naphthylene diisocyanate. 
Mixtures of polyisocyanates can be used and also polyisocyanates which have been modified by the introduc- 
tion of urethane. allophanate, urea, biuret, carbodiimide, uretonimine or isocyanurate residues. 

The at least one organic compound (ii) having at least two isocyanate-reactive groups used in the prepa- 
re ration of the prepolymer will usually include at least one such compound which has a weight average molecular 
weight in the range 400-6000. Such compounds are preferably polymeric organic polyois terminated by hyd- 
roxy! groups (although it would be possible to use polymeric compounds with other isocyanate-reactive groups, 
eg primary amino or cart)oxyl groups). The organic polyois particulariy Include diols and trlols and mixtures 
thereof but higher functionality pdyols may be used, for examples as minor components in admixture with diols, 
25 The poiyols may be members of any of the chemical classes of polymeric pdyols used or proposed for use in 
polyurethane formulations. In particular the poiyols may be polyesters, poiyesteramides, polyethers, 
polythioethers, polycarbonates, polyacetals. polyolefins or polysiloxanes. Preferred polyo! molecular weights 
are from 700 to 3000. 

Polyester polyois which may be used include hydroxyl tenninated reaction products of polyhydric alcohols 

30 such as ethylene glycol, propylene glycol, diethylene glycol, neopentyl glycol, 1 ,4-butanedioI, furan dimethan 1, 
cydohexane dimethanoi, glycerol, trimethyloipropane or pentaerythritol or mbctures thereof with polycarboxylic 
acids, especially dicarboxyiic acids or their ester-fonming derivatives, for example succinic, glutaric and adipic 
acids ortheir dimethyl esters, phthalic anhydride ordimethyl terephthalate. Polyesters obtained by the polymeri- 
sation of lactones, for example caprolactone, In conjunction with a polyoi, may also be used. Poiyesteramides 

35 nnay be obtained by the inclusion of aminoalcohols such as ethanolamir^e in polyesterification mbctures. 

Poiyether polyois which may be used include products obtained by the polymerisation of a cydic oxide, 
for example ethylene oxide, propylene oxide or tetrahydrofuran or by the addition of one or more such oxide 
to pdyfunctional initiators, for example water, ethylene glycol, propylene glycol, diethylene glycol, cydohexane 
dinriethanol, glycerol, trimethyloipropane, pentaerylthritol or Bisphenol A. Especially useful polyethers indude 

40 polyoxypropyiene diots and (at low levels) triols, poly(oxyethyiene-oxypropyJene) diols and (at low levels) triols 
obtained by the simultaneous or sequential addition of ethylene and propylene oxides to appropriate initiators 
and polytetramethylene ether glycols obtained by the polymerisation of tetrahydrofuran, Amine-tenminated 
polyetherpolyols may also be used. 

Polythiother poiyols which may be used indude products obtained by condensing thiodigtycol either alone 

45 or with other glycols, dicartwxyiic adds, fomialdehyde, aminoalcohols or aminocarboxylic acids. 

Polycarbonate polyois which may be used indude products obtained by reacting diols such as 1,3-propa- 
nediol. 1,4-butanediol, 1,6-hexanediol, diethylene glycol ortetraethylene glycol with diary! or dialkyl carbonates, 
for example diphenyl carbonate or diethyl cart>onate.or with phosgene. 

Suitable polyolefine poiyols indude hydroxy-terminated butadiene homo- and copolymers. 

« The at least one organic compound (ii) having at least two isocyanate-reactive reactive groups (used in 

the preparation of the prepolymer) may also optionally indude at least one compound, preferably an organic 
polyoi. having molecular weight below 400. These particulariy include diols and triols and mixtures thereof but 
higher functionality poiyols may be used. Examples of such lower molecular weight polyois indude ethylene 
glycd, diethylene glycol, tetraethyiene glycol, bis(hydroxyethyl)terephthalate, cydohexane dimethanoi. furan 

55 dimethanoi, and the r action products, up to molecular weight 399. of such poiyols vwth propylene oxide and/or 
ethylene oxide. 

The isocyanate-terminated polyurethane prepolymer may be prepared in conventional manner by reacting 
a stoichiometric excess of th organic polyisocyanate with th polymeric organic compound(s) having at I ast 
two (terminal) isocyanate-reactive groups (usually hydroxy!) and the other required reactants under substan- 
tially anhydrous conditions at an appropriate temperature depending on the particular reactants (usually be- 
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tween 30 and 130°C) until reaction between the isocyanate groups and the isocyanate-reactive {usually hyd- 
roxyl) groups is substantially complete. During the production of the isocyanate-tenminated prepoiymer the 

5 reactants are generally used in proportions con'espond ing to a ratio of isocyanate groups to isocyanate-reactive 
(usually hydroxyl) groups of from about 1.1 :1 to about 6 :1, preferably from about 1.5 :1 to 3 :1. 

If desired, catalysts (such as dibutyltin dtiaurate and stannous octoate) may be used to assist prepoiymer 
fonmation. A non-reactive organic solvent may optionally be (but is usually) added before or after prepoiymer 
fonmation to control the viscosity. Suitable solvents which may be used include acetone, methyiethylketone, 

10 dimethytformamide, ethylene carbonate, propylene carbonate, diglyme, N-methylpyrrolidone, ethyl acetate, 
ethylene and propylene glycol diacetates, alkyl ethers of ethylene and propylene glycol diacetates, alkyi ethers 
of ethylene and propylene glycol monoacetates. toluene, xylene and sterically hindered alcohols such as t-bu- 
tano! and diacetone alcohol. The prefen-ed solvents are water-miscible solvents such as N-methylpyrroIidone, 
dimethyl sulphoxide and dialkyi ethers of glycol acetates or mixtures of N-methyipynrolidone and methyl ethyl 

15 ketone. 

[It is evidentfrom the foregoing that the temn "polyurethane" as used in this specificatbn is intended to apply 
not only to polymers (or prepolymers) made by reacting only polyisocyanates and polyols to give urethane lin- 
kages, but also to polymers (or prepolymers) made by reacting polyisocyanates with other types of compound, 
usually in conjunctton with polyois, having other types of isocyanate-reactive groups, thereby to give polymers, 
20 prepolymers or polymer segments comprising other types of linkages, for example urea, thiourea, or amide lin- 
kages.] 

Aqueous prepoiymer dispersions may, as discussed supra, be prepared by dispersing the isocyanate-ter- 
minated polyurethane prepoiymer (as an organic liquid medium, usually including an organic solvent) in an 
aqueous medium (using eg surfactants, or more preferably by utilising the self-dispersability of the prepoiymer 

25 if dispersing groups are present therein, although surfactants may still be employed if desired). The prepoiymer 
may be dispersed in water using techniques well known in the arL Preferably, the prepoiymer is added to the 
water with agitation or, alternatively, water may be stiaed into the prepoiymer. 

The chain extension performed in step 2) is conveniently conducted at temperatures in the range of 5 to 
95*C. more usually 10 to 45°C, depending on the reactants being used. 

30 The polymer solids content of the resulting dispersions will typically be from 20 to 60% by weight (25 to 
50% by weight). 

As discussed supra, the polyurethanes of the present invention are usefully employed as organic (or more 
preferably) as aqueous dispersions. Such dispersions may be used "as is" (apart from optional dilutton with 
water and/or organic liquid or concentration by evaporation of water and/or organic liquid) in various appli- 
35 cations or (more usually) may be used as a component of organic-based or (more usually) aqueous-based 
compositions incorporating other additional components, for example coreactant materials (appropriate to the 
Y groups) which will take part in (or assist with) a reaction involving the Y groups under certain conditions - as 
for example when the composition is a coating composition and the coreactant takes part in (or assists) a reac- 
tion involving the Y groups such as crossi inking during and/or after film formation from the composition (when 
40 the dispersing medium is being or has been removed). 

The group(s) Y incorporated into the polyurethane polymer will impart to the polyurethane utility in various 
applications or situations appropriate to the nature of the group(s). 

For example, where Y is a pendant carbonyl group, the polyurethane polymer may usefully be employed 
for cnDsslinking purposes, eg as a component of a coating composition (preferably aqueous-based) which is 
45 crosslinkable during and/or after film formation by virtue of a polyamine or polyhydrazide (or poiyhydrazone) 
coreactant compound which is also included in the composition. Examples of suitable polyamine compounds 
include non-polymeric polyamine compounds such as ethylene diamine, propylene diamine, butylene diamin , 
1,6 hexane diamine, 1.12-dodecane diamine, cyclohexylene diamine, piperazine, 2-methyi piperazine. 
phenylene diamine, tolylene diamine, xylylene diamine, 4,4'-diaminodiphenylmethane, menthane diamine, and 
50 nrvxyiene diamine. The polyamino coreactant compound could also eg be a polymer, such as an acrylic polymer, 
bearing amine functional groups. 

Examples of suitable polyhydrazide (or derived polyhydrazone) compounds include dicarboxylic ackl 
bishydrazides, such as those of formula : 

H2N-NH-C(0)-R5-C(0)-NH-NH2 
55 and dicarboxylic acid bis-hydrazones, such as those of fonnula : 

R6R7C=N-NH-C(0)-R5.C(0)-NH-N=CReR7 
wherein is a covalent bond or a polyalkylene (pr ferably polymethylene) or alicydic group having firom 1 to 
34 carbon atoms or a divalent aromatic ring, and R® and are s lected from the group consisting of H and 
(CI to C6) alkyl and alicydic groups. Examples of suitabi dihydrazides indudes oxalic acid dihydrazide, 
malonic acid dihydrazide, sucdnic acid dihydrazide, glutaric acid dihyrazide. adipic add dihydrazide. cyo- 
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lohexane dicarfooxylic acid bis-hydraztde, azelaic acid bis-hydrazide, and sebacic acid dihydrazide. If a compo- 
sition does contain a polyhydrazide (or hydrazone) compound it may optionally contain 0.0002 to 0.02 nnole 

5 per mole of hydrazide (or hydrazone) groups of a heavy metal ion. This may be added in the form of suitable 
water-sotuble metal salts, particularly chloride^, sulphates, and acetates. Suitable metal salts are, in particular, 
those of Cu, Zn, Fe. Cr, Mn, Pb. V, Co and Ni. 

Examples of polym rs bearing amine functional groups (as the polyamino coreactant material) ar olefmic 
addition polymers (ie polymers derived by the free-radical addition polymerisation of at least one olefinically 

10 unsaturated monomer^ bearing chain-pendant (lateral) amino groups. Such a polymer may be made by first 
preparing an olefmic addition polymer bearing chain-pendant (lateral) cart)oxyl groups (precursor polymer), and 
then converting at least a proportion of the lateral carboxyl groups of the precursor polymer to groups providing 
lateral amino groups. 

A precursor olefin ic addition polymer bearing lateral carboxyl groups is conveniently prepared by polymerl- 

15 sing at least one olefinically unsaturated monomer bearing at least one carboxyl group and optionally (but nor- 
mally) at least one other olefinically unsaturated monomer (ie not bearing a cariDoxyi group). 

Monomers which can be used to provide carboxyl groups in precursor polymers are particulariy a, 
nDonodefinically unsaturated n>onocarboxyiic acids and/or dicarboxylic acids, mostly of 3 to 6 carbon atoms, 
especially acrylic acid, methacrylic acid, beta-carboxyethylacryiate, fumaric acid and itaconic acid. 

20 Examples of oiefinically unsaturated monomers not providing carboxyl functional groups which may be 
mentioned include 1,3-butadiene, isoprene, styrene, divinyl benzene, acryionitrile, methacrylonitrile, vinyl 
halides (such as vinyl chloride), vinyi esters (such as vinyl acetate, vinyl propionate and vinyl laurate), 
heterocydic vinyl compounds, alkyi esters of monolefinicaly unsaturated dicartxjxylic acids (such as di-n-butyl 
maleate and di-r>-butyl fumarate) and, in particular, esters, of acrylic acid and methacrylic acid of fbmiula 

25 CH2=CRBC00R» 

where R* is H or methyl and R^ is alkyI or cydoalkyi of 1 to 20 carbon atoms (more preferably 1 to 8 carbon 
atoms) examples of which are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, hyd- 
roxyethyl methacrylate. n-butyl acrylate. n-butyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyi methacrylate, 
isopropyl acrylate, isopropyl methacrylate, n-propyl acrylate and n-propyl methacrylate, 

30 The chain pendant carlwxyl groups of a precursor olefmic addition polymer may, for example, conveniently 

be converted to the lateral amino groups of the final polymer by means of an immination reaction involving th 
cart)Oxyl (or derived caftx>xylate salt) group and an added aziridine compound. The aziridine compound is conr>- 
nwnly referred to an alkyiene imine and preferably has the formula 



35 
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H-C C-Ri 0 
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Rii 



where R'^oand R'l^w^ich maybe the same or different are selected frcim hydrogen, benzyl, aryl, and C1 to C5 
alkyt ; and where R'^^ls hydrogen or C1 to C5 alkyi. More preferably R^^is hydrogen, R"is hydrogen or CI to 
C5 alkyI (particularly methyl) and R^^is hydrogen. Ethylene imine (Ri^R"=R12=h) and propylene imine 
45 (Ri^R12=h ;Ri^=methyl) are particulariy preferred aziridines because of their relatively low cost and ready 
availability. The corresponding chain pendant amino ester groups (providing chain pendant amino ester groups) 
fonmed by the immination reaction can be represented in the following schematic fonnulae : 



0 H RIO 



0 RIO H 



I-C-O-C- C-NH, or 2-C-O-C- C-NH. 

'I 11.^ 

R*^ Rl^ Rll R12 

and possibly 

55 0 H RiO jj Rie 

II II II 

- C-NH - C - C NH, 

II II" 

Ria Rll Ria Rll 
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(the latter being formed by further reaction of some of the pendant primary amine groups with the aziridine) 
where R"and R^^ are as defined above. 
5 The amount of alkylene imine used should be sufficient to imminate the desired proportion of the carboxyl 
groups to aminoalkyt ester groups. Preferably the amount used should be sufficient to imminate about 5% to 
95%. preferably 20% to 80% (nrrare preferaBly 34-70%). of the carboxyl groups on the preprecursor polymer. 
The imminatlon technique is in itself well-known and may be perfomied by techniques known to the art 

Useful coreactant polyamino olefinic polymers for the compositions of present invention are imminated 
10 acrylic polymers (ie having at least a proportion, usually a high level, of acrylic or methacrylic ester units as 
defined above as well as tmminised units providing lateral amino groups). 

The chain-pendant amine functionality could of course be introduced into an olefinic addition polymer by 
techniques other than immination (eg by using as a monomer an olefinicaily unsaturated oxazoline monomer, 
such as 2-isopropenyl oxazoline followed by hydrolysis of the oxazoline groups to aminoalkyi ester groups). 
15 Where Y is a pendant -SH group, the polyurethane may likewise be employed for crosslinking purposes, 
eg as a component of a coating composition (preferably aqueous-based) which is seffcrosslinkabie during 
and/or afterfilm formation by virtue of a forming disutphide links on air oxidation (so there Is no need for a coreac- 
tant material, although crosslinking could be speeded up by using a mild oxidising catalyst). 

Where Y is an olefinic double bond, the polyurethane may also be used for crosslinking purposes eg as a 
20 component of a coating composition (preferably aqueous-based) which is cmss-Iinkable during and/or afterfilm 
fonmation. For example, If the olefinic double bond is that of a (meth)acrytate group, the polyurethane can fc>e 
crosstinked by exposure to ultraviolet radiation in the presence of a suitable photoinitiator, or by exposure to 
electron t>eam radiation, or by thermal curing using eg a peroxy curing agent If, for example, the olefinic double 
t>ond is that of a (meth)allyl group, the polyurethane film can be crosslinked by air oxidation in the presenc of 
25 suitable metal drier salts (autoxidation). 

Siloxane and epoxide groups are other types of groups which can be employed for crosslinking purposes. 

Where Y is a non-ionic dispersing group, the polyurethane has increased utility in aqueous-based compo- 
sitions (particulariy coating compostions) by virtue of having enhanced stability. 

Where Y is an in-chain or lateral polymeric chain group, such as an in-chain or lateral polyester chain, this 
30 will yield novel polyurethane/polyester (or other polymer type) block copolymers. 

It is of course possible for a final polyurethane polymer to possess groups Y which are of 2 or more different 
types, rather than being all of the same type. 

A polyurethane polymer according to the invention will usually contain 0.1 to 1000 millimole of groups Y 
per lOOg of polymer, more usually 5 to 100 millimole per 100g of polymer, although the particular proportion 
35 of Y groups will naturally be selected with their nature and the intended application of the polyurethane in mind- 
Where the polyurethane is used in a composition which incorporates a coreactant material (egfor crosslink- 
ing), the level of such a material is often that to provide a range 0.25 to 4 moles (0.5 to ZO nK>les, especially 
0.5 to 1.5 moles) of the relevant functional groups of the coreactant per mole of Y groups present in the 
polyurethane polymer composition. The groups Y may all (or substantially all) be bound to polyurethane polymer 
40 although the comp)osition may also contain a certain quantity of "free" Y groups (ie not l>ound to the polyure- 
thane ; this occurs if not ali the enolic compound has reacted in the chain extension step 2) and is still present 
in the system when the coreactant compound is incorporated). This latter situation often appears to do no harm 
to the effectiveness of the composition. 

As discussed supra, the polyurethane polymers of the invention are particularly useful as components of 
45 coating compositions (eg protective or adhesive coating compositions), and especially aqueous-based coating 
compositions. Such compositions may eg provide film coatings (using an appropriate polyurethane) of improved 
properties such as film hardness, solvent resistance, conrosion resistance, or decreased water permeability. 

Such coating compositions may be applied to a variety of substrates including wood, metals, glass, doth, 
leather, paper, plastics, foam and the like, by any conventional method including brushing, dipping, flow coating, 
50 spraying, and the like. The compositions may contain other conventional ingredients including organic solvents, 
pigments, dyes, emulsifiers, surfactants, thickeners, heat stabilizers, levelling agents, anti-cratering agents, fil- 
lers, sedimentation inhibitors, UV absorbers, antioxidants and the like introduced at any stage of the production 
process or subsequently as appropriate or desired. It is possible to include an amount of antimony oxide in the 
dispersions to enhance the fire retardant properties. 
55 Such compositions could, if desired and if appropriate, include other polymer dispersions {\e polymers other 

than polyurethane polymer bearing Y groups), for example polyvinyl acetate, polyethylene, polystyrene, 
polybutadiene, polyvinyl chlorid polyacrylate, oth r types of polyurethanes, polyesters, polyimides, 
polyepoxides, and other honr>opolym r and copolymer dispersions. These can sometimes be prepared in-situ 
( g by polymerisation of the monomers in the pr senc of the polyurethane poiym r). 

The present invention is now further illustrated by ref rence to the foil wing examples. Unless othenvise 
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specrfied all parts and percentages are on a weight basis. Exannpl s 1 to 1 9 are concerned with the preparation 

or use of polyurethanes according to the invention in which the terminal NCO groups of the prepolymer are 
5 converted to groups providing -N1H2 groups using hydrazine or polyamino reagents. Examples 20 to 37 are con* 

cemed with the preparation or use of polyuretbanes according to the Invention In which the hlCO groups of the 

prepolymer are convert d to -NH2 groups using only water as the isocyanate-reactive reagent for stage 1. 
In these examples, the double rub test assesses the solvent resistance of a film which has been derived 

from a composition by drying at room temperature or an elevated temperature (see tables) and is effected by 
10 nibbing the film (at room temperature) with a rag soaked with the solvent until the film fails (le is showing 

through) or until 200 double rubs is achieved before failure, when the film is rated as follows : 

200(0/5): fdm failed 

200 (1/5) : fHm is severely affected 

200 (2/5) : film is affected 
15 200 (3/5) : fflm is slightly affected 

200 (4/5) : film is hardly affected 

200 (5/5) : fBm is unaffected 

In these examples, the spot test also assesses the solvent resistance of a film and is determined as follows. 

A specimen of laminated mahogany veneered chipboard is painted with the sample and left to dry at 52**C for 
20 24 hours. Pieces of cotton wool, soaked in the solvent to be applied, are placed on the coated wood. These 

are each covered by a small inverted bottle. The solvent-soaked cotton wool pieces are left for 1 6 mins ; they 

are then removed, and the film patted dry ; the area of film in contact with the solvent is then assessed out of 

5 (0/5-poor, no film left ; 5/5-exceIlent, cannot see where solvent has been). 

25 EXAMPLES 1 and 2 

A polyurethane polymer having pendant ketonic carbonyi groups (Example 1) was prepared as follows. 
A polyurethane prepolymer solution was prepared from the following ingredients. 



30 



35 



Parts 

Isophorone diisocyanate 39.6 
Dimethylol propionic acid 5.8 
Polytetrahydrofuran did 54,6 
N-methyl pyrrolidone 44.6 
Dibutyl tin dilaurate ^ 0.14 



40 The prepolymer contained 3.66% NCO groups (theoretical 4,04%) 

The prepolynDer solution was then neutralised with 4.4 parts of triethylamine and dispersed in 140 parts f 
distaied water containing 4.8 parts of hydrazine hydrate (ie 1 .5 stoichiometric equivalents of hydrazine with res- 
pect to NCO groups having been used). After about half an hour 15.8 parts of trimethylol propane triacetoacetate 
were added portton wise to the stirred pre dispersion to give the keto functional polyurethane of Example 1 as 

45 an aqueous dispersion- wth a solids content of 36 w/w% (the ratio of terminal semicarbazide -NH2 groups to 
keto groups for this reaction being about 1/2 ; the molar ratio of semicarbazide -NH2 groups to trikoester being 
1/0.52). The level of pendant ketonic carbonyi functionality on the polyurethane polymer is 0.517 mmolesg-^ 
of polynr>er. 

When 100 parts of this dispersion were treated with 1.6 parts of adipic acid dihydrazide (as a 5% aqueous 
50 solution) the films fonmed from the resulting crosslinkable composition (Example 2) on glass plates exhibited 
an increase in ethanol double rub resistance (at room temperature) of from 30 to at least 200 (3) rubs, an 
increase in methyl ethyl ketone (MEK) double rub resistance (room temperature) of from 20 to 187 double rubs, 
and an increase in Konig hardness of from 30 rocks to 60 rocks, the lower values being those obtained using 
the same tests (under the same conditions) on films formed from the dispersion without any dihydrazide therein. 

55 

EXAMPLES 

A polyurethane polymer having pendant k tonic carbonyi groups (Example 3) was prepared as follows. 
A polyurethane prepolynrter solution was pr pared from th f Mowing ingredients. 
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Parts 


5 


Isophorone diisocyanate 


39.60 




Polytetrahydrofuran dioi 


54.60 




Dimethylol propionic acid 


5.80 




N-methylpyrrolidone 


44.60 


10 


Dibutyl tin dilauxate 


0.14 



The prepolymer contained 3.66 w/w% NCO groups (theoretical 4.04%). 

The temperature of the pre-polymer was adjusted to between eO-TO'C and was then neutralised with 4.4 
15 parts of triethylamine. The neutralised prepolymer was maintained at 60-70*0 and was dispersed in 150 parts 
distilled water containing 4.8 parts hydrazine (ie 1,5 stoichiometric equivalents of hydrazine with respect to NCO 
groups having been used). After about hatf an hour 28.5 parts of trimethyol propane triacetoacetate (22.74 
w/w% based on solid polymer) were added portionwise to the stirred pre-dispersion to give the keto functional 
polyurethane of Example 3 as an aqueous dispersion whh a solids content of 39 w/w%i (The ratio of terminal 
20 semicarba2ide-NH2 groups to keto groups for this reaction being about 1/3 ; the molar ratio of semicarbazide 
-NH2 groups to triketoester is 1/1 .1 2). The level of pendant ketonic cart>onyl functionality on the polyurethane 
polymer is 1.20 mmols g-^ of polymer. 

EXAMPLE 4 

25 

A polyurethane polymer having pendant ketonic carbonyl groups (Example 4) was prepared as follows. 
A polyurethene prepolymer solution was prepared from the following ingredients. 

Parts 

30 

Isophorone diisocyanate 39.60 
Polytetrahydrofuran diol 54.60 
Dimethylol propionic acid 5.80 

35 N-methylpyrrolidone 44.60 

f ■ 

Dibutyl tin dilaurate 0.14 

The prepolymer contained 3.66 w/w% NCO groups (theoretical 4.04%). 

40 The temperature of the pre-polymer was adjusted to between 60-70**C and was then neutralised with 4.4 

parts of triethylamine. The neutralised prepolymer was maintained at 50-70**C and was dispersed in 150 parts 
distnied water containing 3.9 parts hydrazine (ie 1.24 stoichiometric equivalents of hydrazine with respect to 
NCO groups). After about half an hour 18.6 parts of trimethylol propane triacetoacetate (17.47 w/w% based on 
solid polymer) were added portionwise to the stirred pre-dispersion to give the keto-functiona! polyurethane of 

45 Example 4 as an aqueous dispersion with a solids content of 37 w/w7o. (The ratio of tenminal semicarbazide-NH2 
groups to keto groups for this reaction being about 1/4.8 ;the molar ratio of semicarbazide -NH2 groups to 
triketoester is 1/1 .60). The level of pendant ketonic carbonyl functionality on the polyurethane polymer is 0.963 
mmol g-*" polymer. ^ 

50 EXAMPLES 

A polyurethane polymer having pendant ketonic carbonyl groups (Example 5) was prepared as follows. 
A polyurethane prepolymer solution was prepared from the following ingredients. 

55 
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Parts 


5 


Isophorone diisocyanate 


39 . 60 




Polytetrahydrofuran diol 


54.60 




DimetJiylol propionic acid 


5.80 


10 


N-methylpyrrolidone 


44.60 


Dibutyl tin dilaurate 


0.14 



The prepolymer contained 3.49 w/w% NCO groups (theoretical 4.04%). 

The temperature of the pre-potymer was adjusted to between 60-70°C and was then neutralised with 4.4 
15 parts of triethylamine. The neutralised prepolymer was maintained at GO-TO^C and was dispersed in 140 parts 
distilled water containing 3.2 parts hydrazine (ie 1.06 stoichiometric equivalents of hydrazine with respect to 
NCO groups having been used). After about half an hour 1 6.7 parts of trinrtethylol propane triacetoacetate (1 6.05 
w/w% based on solid polymer) were added portionwise to the stin-ed pre-dispersion to give the keto functional 
poiyurethane of Example 5 as an aqueous dispersion with a solids content of 35 w/w%. (The ratio of terminal 
20 semicari^de-NI-l2 groups to keto groups for this reaction being about 1/16.8 ; the molar ratio of semicarbazide 
-NH2 groups to triketoester is 1/4.8). The level of pendant ketonic carbonyl functionality on the poiyurethane 
polymer is 1.13 mmols g-^ 

EXAMPLES 6, 7 and 8 

25 

The aqueous disperstons of the poiyurethane polymers prepared In Examples 3. 4 and 5 were mbced with 
adipic acid dihydrazide ADH (as a 5% aqueous solution) to give crosslinkable compositions Examples 6, 7 and 
8 respectively. The levels of ADH used are shown in Table 1 . Rims were formed from the compositions on glass 
plates and tested for MEK and ethanol solvent resistance (double rub tests) ; the results are shown in Table 

30 1. 
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EXAMPLES 

A pdyurethane polymer having pendant ketonic carbonyt groups (Example 9) was prepared as follows. 
A potyurethene prepolymer solution was prepared from the following ingredients. 

Parts 



Isophorone diisocyanate 84.59 

Oxyflex S-1063-120 81.86 
(Polyester diol) 

^5 Dimethylol propionic acid 8.84 

1 , 4-Cyclohexanediitie thanol 5.16 

N-methyl pyrrolidone 47,46 

^ Dibutyl tin dilaurate 0.30 

The prepolymer contained 7.33 w/w% NCO groups (theoretical 7.5 w/w%) 

The temperature of the pre-polymer was adjusted to between 60-70'*C and was then neutralised with 7.01 
parts of triethylamine. The neutralised prepolymer was maintained at 6D-70''G and was dispersed In 320 parts 

25 distilled water containing 11.53 parts hydrazine (le 1.2 stoichiometric equivalents of hydrazine with respect to 
NCO groups being used). After about half an hour 47.3 parts of trimethyiol propane triacetoacetate (21 .40 w/w% 
based on solid prepolymer) were added portbnwise to the stirred pre dispersion to give the keto functional 
polyurethane of Example 9 as an aqueous dispersion with a solids content of 38 w/w%. The ratio of tenminal 
semicart)azide-NH2 groups to keto groups for this reaction was about 1/5 ; the molar ratio of semicarbazide 

30 -NH2 groups to triketoester is 1/1.66. The level of pendant ketonic carbonyl functionality on the polyurethane 
polymer is 1.370 mmois g-^ of polymer. 

EXAMPLES10, 11,12, 13, 14 

35 The aqueous dispersion of the polyurethane polymer prepared in Example 9 was mixed with varying 
amounts of an acrylic polymer latex bearing amine functional gmups to give crosslinkable compositions ExanD- 
ples 10, 11, 12, 13 and 14 respectively. The amine-functional polymer used was itself made by immination 
(using propylene inline) of a precursor acrylic polymer (in latex form) bearing carboxyi groups and It was esti- 
mated that about 40% of the carboxyi groups on the precursor polymer were converted to lateral primary amino 

40 groups ; The levels of polyurethane and imminated acrylic polymer used are shown in Table 2. Films were for- 
med from the compositions and tested for solvent resistance using double rub tests (on glass plates) and spot 
tests (on wood) ; the results are shown in Table 2. 
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EXAMPLES15, 16,17. 18, 19 

5 The aqueous dispersion of the polyurethane polymer prepared in Example 4 was mixed with varying 

amounts of the same acrylic polymer latex bearing amine functional groups as used in Examples 6, 7 and 8, 
thereby to give crosslinkable compositions 15, 16, 17, 18 and 19. The levels of polyurethane and imminated 
acrylic polymer used are shown in Table 3. Films were formed from the composition and tested for solvent resi- 
stance using double rub tests (on glass plates) and spot tests (on wood) ; the results are shown in Table 3. 
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EXAMPLE 20 

5 A polyurethane polymer having pendant ketonic carbonyl groups (Example 20) was prepared as follows. 

A polyurethane prepolymer solution was prepared from the following ingredients. 





Parts 


Isophorone diisocyanate 


39 


.60 


Polytetrahydrofuran diol 


54 


.60 


Dlmethylol propionic acid 


5. 


BO 


N-methyl pyrrolidone 


44 


.60 


Dibutyl tin dilaurate 


0. 


14 



The prepolymer contained 3.95 w/w% NCO (theoretical 4.04%). 

The temperature of the pre-polymer was adjusted to between 60-70*C and was then neuralised with 4.4 
20 parts of triethyiamine. The neutralised prepolymer was maintained at 60-70^C and was dispersed in 150 parts 
distiled water containing 17.7 parts of trimethyiol propane triacetoacetate (16.56 w/w^ based on solid 
polymer). After the dispersion had been completed it was stin'ed for a further 2 hours. The keto functional 
polyurethane dispersion had solids content of 36 w/w%. If all the NCO groups were to be converted to amine 
groups the NHz/ketb ratio would be about 1/1.01. 

25 

EXAMPLE 21 

A polyurethane polymer having pendant ketonic carbonyl groups (Example 21) was prepared as follows. 
A potyurethene prepolymer solution was prepared from the following ingredients. 

3C 





Parts 


Isophorone diisocyanate 


39 


.60 


Polytetrahydrofuran diol 


54 


.60 


Dime thy lol propionic acid 


''' 5. 


80 


N-methyl pyrrolidone 


44 


. 60 


Dibutyl tin dilaurate 


0. 


14 



40 

The prepolynwr contained 3.9Dw/w% NCO groups (theoretical 4.04%). 

The temperature of the pre-polymer was adjusted to between 60-70**C and was then neutralised with 4.4 
parts of triethyiamine. The neutralised prepolymer was maintained at 60-70^C and was dispersed in 150 parts 
distilled water containing 17.6 parts of trimethyiol propane triacetoacetate (16.36 wAv % based on solid 
45 polymer). After the dispersion had been completed it was stin'ed for a further 2 hours. The keto functional 
polyurethane dispersion had a solids contant of 36 w/w%. If all the NCO groups were to be converted to amine 
groups the NH2/keto ratio be about 1/1.02. 

EXAMPLE 22 

50 

A polyurethane polymer having pendant ketonic carbonyl groups (Example 22) was prepared as follows. 
A polyurethane prepolymer solution was prepared from the following ingedients. 
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Parts 

^ Isophorone diisocyanate 39.60 

Polytetrahydrofxiran diol 54.60 

Dimethylol propionic acid 5.80 

10 N-me thylpyrrolidone 44.60 

Dibutyl tin dilaurate 0.14 



The prepolymer contained 3.95 w/w% NCO groups (theoretical 4.04%). 

IS The temperature of the pre-polymer was adjusted to between 60-70**C and was then neutralised with 4.4 
parts of triethyiamine. The neutralised prepolymer was maintained at BO-TO^C and was dispersed in 140 parts 
distilled water containing 12.4 parts of trimethyol propane triacetoacetate (1Z15 w/w % based on solid 
polymer). After the dispersion had been completed it was stirred for a further 2 hours. The keto functional 
polyurethane dispersion had a solids content of 36 w/w%. If alt the NCO groups were to be converted to amine 

20 groups the NHs/keto ratio would be about 1/0.72. 

EXAMPLE 23 

A polyurethane polymer having pendant ketonic carbonyl groups (Example 23) was prepared as follows. 
25 A polyurethene prepolymer solution was prepared from the following ingredients. 

Parts 

^ Isophorone diisocyanate 82.63 

Oxyflex S-1063-120 82.97 
(Polyester diol) 

35 Dimethylol propionic acid 8.84 

1 . 4-Cyclohexanediine thanol 5.17 
N-methyl pyrrolidone * 47.46 

Dibutyl tin ■ dilaurate 0.30 

40 

The prepolymer contained 6.37 w/w% NCO groups (theoretical 6.B5 w/w%) 

The temperature of the pre-polymer was adjusted to between 60-70*'C and was then neutralised with 6.9 
parts of triethyiamine. The neutralised prepolymer was maintained at 60-70°C and was dispersed in 310 parts 
45 distilled water containing 22.5 parts of trimethylol propane triacetoacetate. After the dispersion had been com- 
pleted it was stirred for a further 2 hours. The keto functional polyurethane dispersion had a solids content 33.5 
wyw%. If all the NCO groups were to be converted to amine groups the NH2/keto ratio would be about 1/0.51. 

EXAMPLE 24 to 31 

50 

The aqueous dispersions of the polyurethane polymers prepared in Examples 20,21 ,22 and 23 were mix d 
with various levels of adipic acid dihydrazide ADH (as a 5% solution) to give crosslinkable compositions. Exam- 
ples 24 to 31 respectively. The levels of ADH used are shown in Table 4. Films were formed from the compo- 
sitions on glass plates and tested for solvent resistance (double rub test) ; the results are shown in Table 4. 

55 

EXAMPLES 32,33.34 

The aqueous dispersion of the polyurethane polymer pr pared in Example 22 was mixed with varying 
amounts of an acrylic polymer latex bearing amine functional groups to give crosslinkable compositions Exanv 
pies 32. 33 and 34 respectively. The ami ne-fu notional polymer polymer used was itself made by immination 

23 
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(using propylene imine) of a precursor acrylic polymer (in latex form) bearing carboxyl groups and it was esti- 
mated that about 40% of the carboxyl groups on the precursor polymer were converted to lateral primary amine 
groups. The levels of pdyurethane and imminated acrylic polymer used are shown in Table 5. Films were for- 
med from the composition and tested for sotvjint resistance using double rub (on glass plates) and spot tests 
(on wood) ; the results are in Table 5. 

EXAMPLES 35,36 and 37 

The aqueous dispersion of the polyurethane polymer prepared in Example 23 was mbced with varying 
amounts of the same amine-functiona! acrylic polymer as used in Examples 32, 33 and 34, thereby to giv 
crosslinkable compositions Examples 35, 36 and 37. The levels of polyurethane and imminated acrylic polymer 
used are showm in Table 6. Films were formed from the composition and tested for solvent resistance using 
double rub (on glass plates) and spot tests (on wood) ; the results are shown in Table 6. 
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5 Ctaims 

1 Process for the production of a polyurethane polymer having desired chain-pendant or in-chain groups, 
denoted by Y, which process comprises : 

1) converting terminal isocyanate groups of an isocyanate-terminated polyurethane prepolymer to groups 
10 providing carbon- or nitrogen-bound -NH2 and/or -NH- groups which are reactable with enoiic carbonyl 

groups, thereby to form a modified prepolymer. and 

2) chain-extending modified prepolymer fonmed in 1) with at least one compound which has at least two 
independently reactable enoiic carbonyl groups, which compound also has at least one group Y which 
becomes chain-pendant or In-chain in the chain-extended polymer, and wherein by an enoiic carbonyl 

15 group is meant a carl)onyl group having enoiic character by virtue of being bonded to an alpha methylene 
ormethine group which is itself bonded alpha to an electron withdrav^ng group. 

2 Process according to daim 1 wherein the electron withdrawing group is an acid ester group, an acid amide 
group, an aryi group, or a ketonic carbonyl group. 

3 Process according to either claim 1 or claim 2 wherein the enoiic carbonyl group is provided as part of 
20 a larger grouping selected from those of formulae 
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35 where and are optionally substituted hydrocarbyl radicals, and Ar is an optionally substituted arylene 
group. 

4 Process according to any one of the preceding claim wherein Y is a crosslinking-assisting group, an adhe- 
sion-promoting group, a rheology modifying group, a stabiliser group, a corrosion inhibiting group, or a block 
copolynrffir-fonming polynr>er chain group. 
40 5 Process on to any one of the preceding claims wherein Y is selected from a ketonic oraidehydic carbonyl 

group, an olefinically unsaturated double bond, a thiol group, a nonionic dispersing group, a slloxane group, 
an epoxide group, a phosphonate or phosphate group, and a polymeric chain group. 

6 Process according to claim 5 wherein Y is a ketonic or aldehydic cart>onyl group that has been provided 
by having three or more independently reactable enoiic carbonyl groups in the chain-extending compound us d 

45 in step 2) so that those not taking part in the chain-extension reaction finish up as lateral cart>onyi-containing 
groups in the chain-extended polymer. 

7 Process according to claim 5 wherein Y is an olefinically unsaturated double bond provided by a group 
selected from acryloyl, methacryloyi, ally!, and methallyl groups, or substituted derivatives thereof. 

8 Process according to anyone of the preceding claims wherein in step 1) the terminal isocyanate groups 
50 of the prepolyrr>er are converted to groups provkiing carbon - or nitrogen-bound -NH2 and/or -NH- groups using 

an isocyanate-reactive reagent which is not water for substantially effecting this reaction. 

9 Process according to claim 8 wherein said isocyanate-reactive reagent is selected from hydrazine or hyd- 
razine hydrate, a substituted hydrazine, a hydrazide compound and a polyamino compound. 

10 Process according to any one of claims 1 to 7 where in step 1) the tenninal isocyanate groups of the 
55 prepolymer are converted to -NH2 groups using water as the sole isocyanate-reactive reagent 

1 1 Process according to any one of the preceding claims wherein the amount of compound bearing enoVto 
cartxjnyi groups is such as to provide a ratio of carbon or nitrogen-bound -NH2 or -NH- groups to enoiic carl>onyI 
groups within the range of from 1/20 to 1/0.1. 

12 Process according to anyone of th preceding claims wher in said process comprises : 

1 a) forming an isocyanate-terminated polyur thane prepolym r in an organic liquid medium, and dispersing 
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the isocyanate-terminated prepolymer in water to form an aqueous dispersion thereof, 
1 b) converting terminal isocyanate groups of the prepolymer to groups providing cart>on- or nitrogen-bound 
5 -NH2 and/or -NH- groups which are reactable wrth enolic carbonyl groups, thereby to form a modified prep- 
olymer ; and 

2) chain extending modified prepolymer formed in 1b) with at least one compound which has at least two 
independently reactable enolic carbonyl groups, which compound als has at least one group Y which 
becomes chain-pendant or in-chain in the chain-extended polymer. 
10 13 Process according to any one of the preceding claims wherein the polyurethane prepolymer has ionic 
and/or nonionic lateral dispersing groups so as to render it self-dispersible in water. 

14 Process according to any one of the preceding claims wherein the resulting polyurethane polymer con- 
tains 0.1 to 1000 miliimole of groups Y per lOOg of polymer. 

15 A polyurethane polymer when prepared using a process according to any one of the preceding claims. 
15 1 6 A polyurethane polymer having desired chain-pendant or in-chain groups* denoted by Y, which, polymer 

has been prepared by 

1) converting terminal isocyanate groups of an isocyanate-tenminated polyurethane prepolymer to groups 
providing carbon- or nitrogen-bound -NH2 and/or -NH- groups which are reactable with enolic carbonyl 
groups, thereby to form a modified prepolymer, and 

20 2) chain-extending modified prepolymer fonmed in 1) with at least one compound which has at least two 
independently reactable enolic carbonyl groups, which compound also has at least one group Y which 
becomes becomes chain-pendant or in-chain in the chain-extended polymer, and wherein by an enolic car- 
bonyl group is meant a carbonyl group having enolic character by virtue of being bonded to an alpha 
methylene or methine group which is Itself bonded alpha to an electron withdrawing group. 

25 1 7 An aqueous-or organic-based dispersion of a polyurethane polymer according to either claim 15 or daim 
16. 

18 An aqueous - or organic-based composition comprising a polyurethane polymer according to either 
claim 15 or claim 16. 

1 d A composition according to daim 1 8 which is an aqeuous-based composition and comprises an aqueous 
30 dispersion of said polyurethane polymer. 

20 Composition according to either daim 1 8 or daim 1 9 wherein said composition is a coating composition. 

21 Composition according to daim 20 wherein said Y groups are of those of a type which wOl take part in 
a crosslinking reaction during and/or after film fomnation from the composition. 

22 Composition according to daim 21 wherein said Y groups are selected from ketonic or aldehydic car- 
35 bonyl groups, olefinically unsaturated double bonds, thiol groups, siloxane groups, and epoxide groups. 

23 Composition according to either claim 21 or daim 22 wherein said composition includes a coreactant 
material, appropriate to the groups Y in the polyurethane polymer, which takes part in or assists the crosslinking 
reaction during and/or after film-formation. 

24 Composition according to daim 23 wherein said coreactant material is a polyhydrazide compound a 
40 polyhydrazone compound, a polyamino compound, an oxidising catalyst, a photoinitiator, a peroxy curing agent 

or a metal drier salt. 

25 Composition according to claim 24 wherein the coreactant material is a dicarboxylic acid bishydrazide 
or a dicart)oxylic acid bis-hydrazone. 

26 Composition according to claim 24 wherein the coreactant material is a non-polymeric polyamine conv 
45 pound. 

27 Composition according to claim 24 wherein the coreactant material is a polymeric material t>earing amine 
functional groups. 

28 Composition according to claim 27 wherein said coreactant material is an olefinic addition polymer bear- 
ing lateral amine groups. 

so 29 Composition according to daim 28 wherein said coreactant material is prepared by imminating an olefK 

nic addition precursor polymer bearing carboxyl groups. 

30 Composition according to daim 29 wherein the coreactant material is an imminated acrylic polymer. 

31 Composition according to daim 20 wherein said Y groups are selected from stabilising groups, phos- 
phonate or phosphate groups, and pdymer chain groups. 

55 32 A film coating derived from a composition according to any one of daims 20 to 31. 
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